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(54) A METHOD OF COMMERCIAL FULLERENE PRODUCTION 



(57) Abstract 

Areas of application: production of advanced materials for electronics, medicine, 
and engineering. 

The principle of the invention: graphite powder, soot, and residues from a 
preceding slug are compressed into a solid carbon-containing slug, and dried by heating 
in a vacuum fullerine synethesis chamber. The slugs are shaped to ensure counter or 
intercrossing flows of carbon clusters. The dried workpiece is heated to 4300 ± 100 °C t 
by the resistance, induction or magnetron method or by in a vacume by aalternating 
current with a frequency of 8 - 4 kHz or in an argon medium, it's The surface of the 
slug is heated locally with an arc electric dischargeat the same time as it is being 
heated. The local heating spot shifts over the workpiece surface by rotation in case of 
vacuum heating or with an annular magnetron in the case of heateing in an argon 
atmosphere. The temperatures of local heating and rates of heating spot movement are 
selected based on the condition of destruction of isothermal graphite layer. The 
resulting fullerenes are cleared from soot at the same time as the fullerens: they are 
evaporated from soot collectors by heating up to 700 to 900 °C. At the same time the 
fullerenes are separated out by molecular weight using collectors heated to produce a 
thermal gradient of 400 to 480 °C. This technology is a waste free technology. 

10 patent claims, 4 figures. 
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(54) CnOCOB nPOMblUIJlEHHOrO nPOM3BOflCTBA Oy/UIEPEHOB 



(57) Petp&par, 

McnonbsoBaHMe: nonyneHMe hobhx 
MarepviajiOB An^i anetcrpoHMKM, MBfliinnHbi, 
MaujMHOOTpoeHMfl. CyinHOCTb MSoepereHMfl: wa 
rpactJMTOBoro nopouiKa, cawi \a ocrarKOB 
np^iflyme« aaroTOBwi npecc^T rsepflyK) 
ymepQflocwp>Kau\yio aaroTOBKy, npocyiUMBaioT 
HarpsBOM B BaKyyMHoft KaMepe wHreaa 
4>ynnepeH0B. <l>opMa aanoTOBKM oeecneMMsaer 
oepasoBaHne BcrpeMHo HanpaBneHHwx wnw 
nepeceKaioiuMxcfl noTo«oB ymeppAHbix 
tcnacTepoB. HpocyujeHHyK) saroTosKy HarpeBatoT 

flp 4300±100*^ pe3WCTMBHb(M» MHflyiqttOHHbIM 

MameTpoHHbiM mbtoaom mjim nepeMeHHbiM 

OJieKTpMHeCKMM TOKOM C MaCTOTOW 8-40 B 

aaKyywe unw b cpefle aproHa. OAHOBpeweHHo c 
HarpesaHMeM aaroTOBKM npoM3Boycv?T jioicanbHbiPi 
Harpea ee no8ef»(H0CTM flyroBwiw 



3/ieKTpMMeciaiM paspaAPM. n«THo xioKa/ibHoro 
Harpesa nepeMemaioT no noaspxHocTM 
aaroTOBKM BpaiueHiieM npw Harpeae b aaKyyue 
m\A c noMoatbK) Konbi^eBoro MarHerpoHa npM 
Harpeee b cpe/ie aproHa, TeMneparypy 
noKa/ibHoro Harpeaa m CKopocTb nepeMeuiOHbifl 
ero n«THa Bfat6npaiOT M3 ycnoBJw pasp/ujeHUR 
cnbfl MsoTepMHMecKoro rpac{)MTa. 
OAHOBpeweHHo c cwHresoM npoMaecwT 
OTflejieHHe oepaaoBasmMxcfl ct>yjinepeHOB or 
ca;KM nyreM McnapeHMw c|>y;inepeH0B M3 
cSopHMKOB caom npM 
700-900 '^C. <J>ymiepeHbi 

Ct)paKl4M«M PflHOBpeMeHHO 

KonjieKTopax, HarpeibDc 
TeMnepaiypHoro rpaj^mma 400-480 °C. 
TexHononiH fiBnfl©To« OesoTxcwoW. 10 
3.n.ct>-nb(, 4 Mn. 
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(57) AbstreK^: 

FIELD: carbon products. SUBSTANCE: 
invention relates to producing new nnaterials 
for electronics, medicine, and mechanical 
engineering. Solid carton- containing stock 
fs pressed fiiom graphite powder, carbon 
black, and previous stock reniains. Stock is 
heat dried in fullerene^nthesis vacuum 
chamber. Shape of stock provides fbrmaUon 
of counter-directed or crossing streams of 
cart)on dusters. Dried stock is heated to 
4300 t 100 C by resistive, InducUon 
magnetron technique or alternate current 
with frequency 8-40 kHz in vacuum or argon 
atmosphere. Simultaneously, stock surface is 



heated with electric arc discharge. Local 
heating spot ts moved across stock surface 
using rotation (at vacuum heating) or u^ng 
annular magnetron (in argon atmospher©) 
Local heating temperature and velocity of 
spot displacement is chosen from condition 
of isothermal graphite . layer destrudion. As 
synthesis proceeds, formed fullerenes are 
separated from carbon black by way of 
evaporating fullerenes from cartjon black 
collectors when heating to 700-900 C 
Fullerenies are separated into fractions 
simultaneously with synthesis on collectors 
heated to form temperature gradient 400* 480 
C. EFFECT: no waste produced. 11 d. 4 dwg 



o 

o 

«> 
to 

00 

o 



O 



-2- 



71 
C 

o 

00 
O) 
Ol 

o 

CO 

o 



MaoepereHkie othocmtoa k npoi^ecoaM flnn 
npoMwiuneHHoro cwHToaa, ommotkm m 
pa3A9neHMfl ct^yJuiepeHOB. 

enepBwe cMHies c^jynnopeKOB 6bin onwcaH 
icaK npoLteoc MonapeHun rpacfrHTosbix 
aneiorpcwoB npw p©3motmbhom Harpeeo wnn b 
Wre B aTMoocJjepa MHepTHOfX) rasa (Kraelsmer, 
et. al. "Solid ceO: A new form of carton" 
Nature, Vol.247, p. 354-357, on Sep. 21 
1990; "Production, chararteriration. and 
deposition of carton dusters*. Y.K, Bae. 
et. al. Clasters daster- assem.mater 1991,' 
p. 733-741 (Mater.res.soo.symp.proc. Vol, 
206). 3tot cnoooes nosBonfler npovoBOAMrb 
OKono 1 r CMecM cJyxmepeHOB b Mac npw 
ooflepjicaHMM c|>y/inepeHOB b cwm flo 15% 

ktaeecTHbi m flpyrwe cnoooew CMHieaa 
4>yiw©peHoocwep)KaLne« com: jiaaepHoi^ 
aOnflUMeM (The fbmnation of hydrogenated 
cart)on dasters by laser ablaUon", N 
Zhang, et al. Ctienn. Phye.Lotters. 1993 
Vol. 205. N 2/3. p.17e-182: Ta^r ablation 
of carbonaceous materials: a nnethod to 
produce, fuilerens". E. Miilon, et. al. C. R 
Acad. .Scl. 11, 1992, Vd. 316. N 8* 
p.947-963; "Production of fUllerenes by 
near-infirared laser", Ll^ka, Czech J 
Phys. 1993, Vd.43, N 2, p.193-195), 

nuponwaoiw m cxoiraHMeM apoMarvmecKHX 
yrneBQAopG(flOB ("Calculated equUibrum yields 
of 060 from hidrocarbon pyrdysis and 
oonnbustion". J.T.McKinnon, J. Phys. Chem 
1991. Vol. 96. N 22, p. 8941^8944; 
"Forriiation of 060 by pyroiysis of 
naphthalene". R.Taylor, et. al. Nature 

1993, Vol. 366, N 6457, p. 728-731' 
"Production of 060 and 070 fullerenes iri 
benzene/oxlgen flannes", J.B.Howard, et. at 
J.Phys. Chem. 1992. Vd.96, N 16 
p.6667-6662: "Pyroiysis of KH carbon 
residues: a method of further production of 
fullerenes and spedfic formstion of O " 
J.V.Weber, et. al, J.AnaI. Appl. Pyroiysis 

1994. VOI.29.N1.P.M4), ^ ^ * 
3TOKrpMHecKMM paapflAOM ("A simple 

technique of produdng fullerenes from 
electrically discharged benzene and 
toluene", D.K.Modak, et. al. Indian J. Phys. 
A. 1993. Vd, 87, N 4. p.307-310). 

B nnaaMe (Tomnatton of ftjilenenes in MeV 
ion track plasmaa", G.Brinkmalm. et. al. 
Chem. Phys. Letters. 1992, Vd. 191. N 3/4 
p.346.360: "Novel nnethod for 060 synthesis: 
a themriai piasnrta at atmospheric pfessure". 
K. Yoshie. et. al. Appl. Phys. Letters! 
1992, Vol. 61, N 23, p. 2782-2763), 

B TOM HMcne /lasepHofl ("Fullerenes ffom 
laser producUon plasma", P.S.R. Prasad et 
al. Phys. Stat. Sd. A. 1993, Vd. 139. N 1 
P.K1-K6). 

KOHt^eHTpMpOBBHHblM COnHeMHWM CBBTOM 

("Solar generation of fullerenes", L. 
P.F.Chibante, et al. J.Phys. Chem. 1993 
Vol. 97. N 34. p.8696-8700). 

OCinMM Ann Bcex stmx Meroflpe flanwercfi 
Ha/iMHM© aTMocct)epbi MHepTHorx) rasa. 

Kpoi«e Toro. MSBeoreH cnocoS. ocHosaHHuft 
Ha ncnapeHMM rpact)MTa ajieiapoHHbiM nyMKOM b 
aaKyywe ("Electronic sputtering of 
fullerenes and the influence of primary ion 
charge state", G.Brincmalm, et. al. Nud. 
Instrum. Methods Phys. Res. B. 1994, Vol 
84, N 1. p.37-42: "Fuilerene tbnmation In 
sputtering and etedron beam evaporation 
processes". R.F.Bunshah, et al. J.Phys. 
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Chem. 1992, Vd. 96. N 17. p.U^w^^ww,. 

nonyHaeMafl ca^Ka bO Boex nepeMwcneHHbix 
cnoooGax /imOo cocicpe6aeTCfl co ctbhok 
MonapMTenbHot* KSMepu. a <|?ynnepeHbi 
sKorparwpywTca ms Hee opraHWsecioiiMH 
paoTBopMTen«MM ("Supercritical fluid 
extraction of fullerenes 0 and 0 ftom carbon 
soot". S. Saim. et. al. Sep. Sd. Techno! . 
1993. Vd.28, N 8. p.1509-1625) m 
pawnflioTcw xpoiMaTorpa4>MHecKMMM 
("Purification of gram quantities of 0 A new 
inexpensive and fadle method" 
W.A.Scrivens, et al. J.Amer. Chem. Soc' 
1992, Vol. 114. V 20, p. 7914-7919) win* 
MHbiMH MeTQAaiMM C^papatlon of 060 and 070 
with activated carbon". T.Rong et al 
Yingyong Huaxue, 1994. Vd. 11, N 3. p.112-114' 
HaneSonee 6nii3KMM k M3o6peTeHMK) 
«anflercfl cnoco6 nonyMeHMw c{)ynnepeHOB, 
onMcaHHwW B crarbe Kraetsmer etal 
npAmmmuVi b Haofoflutee apeiMn An« 
nponaBOflprsa cfy/mepeHOB. aror cnoco6. KaK m 
flpyrwe MSBecTHbte cnoco6bi, Mi^eeT cnewviouiMe 
HeAocraTKM. ^ 

Bee yKaaaHHbie sbaue TexHonorwH 
no3BonflK>T nonysaib /iwiub Ma/ibie KOJiMMecTBa 
cpyniiepeHOB. Koropue Moryr 6bn^ 
McnonbsoBaHw lonwco b SKcnepuweHTaiibHwx 
Hennx. DonyHeHMe 4)ynnepeH0B a 
SHaHMrenbHbix KonnMecTBax, yflCBneTBopflibu^Mx 
noTpeSHOCTM npoMbiumeHHocTM. yKaaaHHbiiMM 
cnocoeaMM HeB03Mo;KHO. KpoMe loro. b 
npoqeoce McnapeHMn rpac|)Mra Ha aaroTosKe 
MOKOT oGpaaoBbiBaTbCfl cnoft nsoTepMWHecicoro 
rpa4)Mra. npenflTCTBy»otmiCI fiaribHeflujeMy 
McnapeHMK). Hapacrarb AaBneHHe raaoB BHyipw 
aanoTOBKM. mto npMBoflUT k ee paapyiueHMJo b 
peay/ibTare nero npoqeoc Harpe'ea 
npeKpau^aercfl. 

TexHMMecKott saflaMeft M3o6peTeHMfl 
flsnwarcq G6ecneM8HMe bosiwojichoctm 
nonyMeHMfl 4)yjanepeH0B e KOjnvmecTBax. 
yAoaneTBopflicu^Mx noTpeSHocTM 
npoMbimxieHHocTM, nyreM noBbiiueHHfl 
npoM3BpAMTenbHocTM cMHTesa 4>ynnepeHOB, a 
Taiwce yMeHbtiieHMe oixoflpB npw npowasoflPTBe 
ct)ynnepeHOB. TexHMMedoofl saAaHeW 
M3o6peTeHMfl HBJiflercfl raiOKe oCecneHeHne 
OMMCTKM H paaAenoHHn cfynnopeHOB b npoiiecce 
MX cHHTesa. 

B ooHose M3o6peTeHM» smm HaCSintCifleHMe. 
HTO HenocpeflCTBeHHo wa anMasa <|)yiuiepeHbi 
He oepasyioTCfl m npw Kaiciix ycnosMwc, h 
HaoOopoT, MeM ©onbuje b HcxoflHOM Beu^ecTBe 
OQflepjKMTCfl KpMcrannMHeoKMX ctparweHToa 
"rpa<J)MTOBoro" mna, to ecTb nnocKHX 
reKcaroHOB 0$. reM Bbiuje bwxqa cjjymiepeHOB. 
OneAoaarenbHo, nepBMHHbiM. oTpomenbHwrw 
MarepnanoM flnw ct)ynnepeHOB flBflnioTCR He 
QAMHOMHwe aToiMW MiiM MajioatOMNbie (cnacrepbi 
c MMcnoM aroMOB MeHee aiecrvi, a nnocioie 
ct)parhf!eHTbi KpMcrannnHeoKofl cTpyiarypbt 
rpact)ifra. Tawie (t)parMeHTbi oepaayroTcn npn 
sHaHMTenbHo MeHbUJHx sHepreTMMecKwx 
BO^e«cTBMRX Ha BeiueoTBo. MOM aro Tpeeyercfl 
AHfl aTOMM3ai4MM. 0 eioM tomkm apeHwn 
M3BecTHbie onoco6bi cwHreaa 4>ynnepeH0B 
npMHL^MnManbHo Mano3<t>cf)eKrMBHbi, raK KaK b 
HMx 3MaMMTenbHa« MacTb npwioKeHHod MssHe 
m\A oepaayioiMeHcfl b xqab peaKUMti rennoBott 
oHepnw pacxoflyera mmbhho na aroMMsaLiKio 
yr/iepofla. 

B TO )Ke BpoMji, KaK noKaaanw aKcnepuMeHTw 
Ha epewH-nponeTHCM waoc-cneicrpoMeTpe, 
BpeMH ;KH3Hki KpynHboc ymepcy:\Hbix KnacrepoB c 
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MMcnoM aiOMoa n>ie ooGxaanfler MeHbuie 10 mc 
(b BaKyyMo). C/ieAOBarenbHO, nnoTHocTb 
KnacrepoB aojdkhs ewTb raKosa^ MTo6bi ohm 
ycnenw 3a speM^i Menee 10 mc 
npoBaaMMQAe«cTBOBaTb m oepaaoBaib 
craewnbHyto aaMKHyryio crpyioypy <J)ynnepeHa. 

HeoexQflMMue ycnoBMfl cMHiesa 
flPCTMratoTtsn b aaKyyMe win qje^e MHepTHoro 
rasa, ecnn opraHMWBaHW BcrpeMHbie rotokm 
HM3K03HeprBTWMecKMx (cnacTepoB. 
oMMrrMpyeMbix c nosepxnocTM Harparoro 
fpactJMTOQAspKaiMero TBepAoro rena npn 

OflHOBpeMSHHOM VAaneHMM C nOBepXHOCTM CXIOH 

M3C3frepMMqecKDro rpa4>wTa. 

TaKMM o6pa30M. nocraaneHHaR aaAa^a 
peujaera reM. hto b cnocoee npoM3B0fl0TBa 
«ynnepeHOB, BicniOMaioineM oGpasoBaHne 
yrjiepoaHboc KnacrepoB c nnoocofl 
rBKcaroHa/ibHofl crpyKrypoM nyroM HarpeBaHii>i 
TBepfloH ymepQAooflep)Kau<0R aaroroBKM ao 
TewnepaTypbi sMUTTMpytomeft noBepxHocrn 
430ttt 100«C H noonewy(ou4MR oMHTds m hmx 
MoneKyji c|>yjTnepeHOB. cMHrea uomm 
(pyjuiepeHOB npoM3BQa«T eo BcrpeMHo 
HanpaBxieHHbDc m/iwm nepeceicajou^Mxcfl noTOKax 
ymepoAHbDc KnacrepoB. npn 3tom 
oflHOBpeMOHHo c HarpeBaHMSM saroTOBKM 
npoM3B0A«T JioiwbHbtW Harpea noBepxHoorw 
aaroTOBKM nocpeflCTBOM AyroBoro 
aneKipuMecKoro paapswa, npimeM nflTHO 
/TOKa/ibHoro Harpesa nepeMetnaioT no 
nosepXHocTM saroTOBKM. a TeMnepaiypy 
JiOKajibHoro Harpesa m CKOpoctb nepeMeineHMfl 
n«THa xioKa/ibHoro waipeaa BweMpaioT wa 
ycnoBMfl paapymeHMH cnoH MaorepMUMeoKoro 
rpacfMTa. 

B MacTHOM cnysae HarpesaHiie aaroToaioi m 
CMHTea Moneicyji cf)yjinepeH0B npoMSBOAflr b 
BaKyyMe, TBepnoM ynnepoAcoflep>KauiePI 
aaroTOBKe npwAaicT <t)opMy, oCeoneMMBaiouiyK) 
oCpasoBaHwe BcrpeMHO HanpaanoHHWx mjim 
nepeceicaiomnxofl rotokob yrnepoAHbrx 
Knaciepoa npw ee HarpeeaHMM, a nepeMeuieHM© 
HflTHa xioKanbHoro warpesa ocymecranfltoT 
BpameHnew 3aroTOBKM. Hpn oroM 
napannenbHbte win HaxcwiMwecfl nqn 
HeSonbUiMMM ymawM noBspxHocTw aaroroBKii 
B3aMMHo HarpesaioTCfl MsnyMeHneM. h 
TaMnoparypa mx SHaHMTanbHo npeBocxoAur * 
reMneparypy Ha BHeujHMX noBepxHocTHx. a b 
cny^ae noBepxHocTHoro narpesa h TeMneparypv 
BHyrpM oe-beMa. 

B flpynoM MacTHOM cnyMae BbmonHeHUfl 
HarpeaaHMe aaroTOBKM m cMHtea Monewii 
4)yjinepeH08 npoMssQAflT b cp^ 
aproHa,BCTpeMHyio HanpaaneHHocTb h/vuim 
nepaceMSHMe hotokob ymepoAHbot KnacrepoB 
o6ecneMMBator MamMTHWM nonaM, oepaayeMbiM 
aJieKTpMMeoKoJl flyroW h KaiyujKoW Konbtieaoro 
MameTpoHa, ycTaHoaneHHoW cxiocHo c 
aaroTOBKDW, a nopeMemeHMe nflrna /lOKanbHoro 
HarpoBa ocymecTBjwiioT c noMoi^bio KonbueBorc 
MamerpoHa. npH stom oeecneHUBaioT 
AononHMTenbHbift Harpea 3MWTTMpyioiMe« 
noBepxHocTM nocpeflOTBOM bow«ctbm« Ha Hoe 
MOHawM aproHa, oCpasyiomiMMCfl b nnasMe 
a/ieKTpMMecKoft /ym. 

npM 3TOM HarpeaaHMe TeepAoR 
ymepoAOOAep>Kaine« aaroroBKH npoMSBOAflT 

peaMCTMBHbIM, MHflyKUMOHHbIM, MameTpOHHblM 

nasepHbiM iinM mhbim MeTcmoM. 

Anfl yaexiMMeHMH sbrxoAa c|)ymiepeHOB b 
aaroTOBKy npMBOAflr b KoneGaHMfl co aayKosoPi 

M/IM CBepX3ByK0B0ft HaCTOTOft. lipM 3T0M 

onTMMajibHwW AManaaoH MacroT npw Harpeaa 
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cocraBftfleT or 8 ao 40 Kfi^. no-BVWMOMy. 3to 
RBneHMa o6ycnoBneHo oCpaaoBaHMeM ctohmmx 
BOHH B aTMoccJ)epe napoB ymepoAa hto 
ynyMUjaer yonosMfl B3aMMQAe«CTBMfl icnacrepoB 
ApyrcApyroM. 

KpoMe Toro. ciAHoepeMeHHo c CMHreaoM 
Monexyji c^ynnepeHOB npoMaBcwT oTAaneHMe 

MXOTCa>KM. 

B MaoTHooTM, oTAeneHMe cJy/mepeHOB or 
^KM npoM3B<wT nyreM McnapeHMfl 
*ynnepeH0B M3 cCophmkob ca)KM npM 
HarpeeaHMM mx ao 700-900**C, 

Kpowe Toro, nocne OTAeneHMfl cjsynnepeHoa 
npoMSBCWT ceop ca»cM, CMeujMBaioT ca»Qf 0 
nopoiuKOM rpa(})t4Ta, npeocyfOT Ha 9to« cuecM 
Hoeyio aaroTOBKy k npocyujMBaiOT ee b BaicyyMe 

,B HaoTHocTM. npocyiuMBaHMe aaroroBKM 
ocyineoTBnflibT nocpeAoraoM ee Harpeea b 
BaicyyMHofi xaMepe aha OMKreaa <t)yxuiepeHOB. 

rioMMMo oTAeneHMji cJynnepeHOB or ca>KM 
QAHoapeMaHHo 0 cMHteaoM MoneKyji 
JynnepeHOB npoMSBOAHT mx paaAeneHwa na 
cppaKUMM no MoneKy/wpHOMy eecy. 

B HacTHocTM, paaAWieHMe <{)ynnepeHOB Ha 
<t)paia^MM npoMSBOAflT na KomieKropax. 
Harpetbtx c o6pa30BaHMeM TeMneparypHoro 
rpQAHeHTa or 400 ao 480**C. 

Ha 4)Mr. 1 M3oepa)K0Ha cxeMa npoLteoca 
npoMaBQflorsa ct)yjuiepeHOB; na ct)Mr. 2 - cxeMa 
MoneKynqpHbix noroitoa npn o6pa30BaHMW 
c<)yruiepeH0B b BaKyyMe c vtcnonbaoaaHMeM 
aaroTOBKM cneMManbHoW (fJopMbi; Ha djwr 3 
M3o6pa)KeHw B03Mo>KHbte BapMaHTbi ymopoAHbix 

3MMTTep0B M CnOOOCbl MX B036y>KAeHMfl* a) 

peaMCTMBHbiM M b) MHAyittiMOHHwH HarpoB; na 
cpMT. 4 noKaaawa aaBucMMocrb BbtxoAa 
*ynnepeHOB ot MaoroTu nepeweHHoro roKa npn 
a) peaMCTMeHOM m b) MHAyKUMOHHOM. Harpeee. 

CxeMa npoi^ecca npoMaBQACTBa 
(pyrmepeHOB MsoCpajKeHa Ha 4)Mr.1. 

npflroTOBKa cMecM BKnwMaeT 
roMoreHH3ai4M(o a MMKcepe cwecM m3 
rpa4)MT08oro nopoiuKa, ca)KM m ocraTKOB 
np^Abv^ett aaroTOBKM. 

npeccoBaHMe aaroroBOK b atv^e tuatiG 
ocyi4ecTBnfleTCfl na npecce. 

CVujKa aaroTOBOK npoMaaoAMrcfl cnaMaha a 
B03Ayxe npM reMneparype 
400 'C, a aarew HenocpoACTBeHHO b paCoHefl 
xaMepe ycraHOBKM npw TeMneparype lOOO^C c 
oTKaMKofl BbtA^/iHiomMXCR raaoB BaKyyMHbiM 

HaOOCOM. 

CMHTea (})ynnepeHOB b BaicyyMe npoMcxoAMT 
MejKAy napamtexibHbiMM ym HaxowRiuMMMc« 
noA ymoM noBepxHocTAMM HarpeaaeMbix 
aaroTOBOK. 3c}x})eKniBHoe sMMTTMposaHMe 
MOTacraeMnbHwx KnacrepoB C^. tao n 2.18 
HaMMHaercfl npM Tkj^4300±1000C. hto enMOKo 
K TeMnepsType nnasjieHMfl rpactswra 
3MMTTMpyK)U4Me noBepxHocTM eaaMMHo 
HarpeaaiOTCfi ManyMeHMew W^v,2) ao 
TeMnepaTyp Ti, T2 > 1^ 4300'C. 
TewnepaTypa Na hhx npeBoocQAWT TeMneparypy 
1^ Ha HapyKHboc noBepxHocrnx aaroToaiCM 
(Ti). KDTopue repnwT renno 3a cwt 
wanyMeHMR, raK m anyTpw o6beMa aaroroBKM 
(To). KyAa He npoHHKaer Harpeaaiomafl 
aneprMfl. Bo M35e)KaHMe rwjiHoro paapyiueHMfl 
SMMTTepa nponecc cMHTeaa (t)y/TnepeH0B 
AOjrw<eH npoBOAMTbCfl AocraTOMHo 6bKrrpo. 
HTOow cpeAHfl« TOMnepaTypa SMwrrepa He 
ycnena aa CHer ren/ionpoBQAHOCTM cpaBHflTbCfl 
c TeMnepaiypawM Ha sMMTtMpytoiMMx 
noBepxHOCT«x, 3to TpeeoaaHMe AooTMraercfl 



o 

CO 

o 
10 

<D 
00 

o 



7i 
C 

O 

00 

o 
o 

o 



npM ycnoBMflx AocraTOHHo paaBwroM 
noBepxHooTM 3Mmepa h flocraTOMHo Conbujofl 
MoinHooTM MCTOHHMKa 3HepronMTaHM«. B 
pesyjibTare npoMcxqanT onnaaneHne TonbKO 
3MwmipyK)iMMx noBepxHocrett m npeepaiueHMe 
MX B <t)yjinepeHbi, a MdHoe Harperbie MacTM 
9MMTTepa ooxpaHfliOTCfi B TBepflOM BKAe H Mbiyr 
ewTb McnonbaoeaHbi b KaMecree cupbR flnA 
noBTopHoro cMHtesa. KbHKperHwe SHaMeHMn 
nQABCWMO« MO14H00TM M BpeMeHM cMHTeaa 
onpefl^nflioTCfl (})opMoM aMwnepa n cnocoCoM 
noABQAa 3H©pmn \a Moryr BaphMpoaarbcfl b 
np^enax or 100 kBt m Bbiuie m or 10 flo 60 c 

npM 3T0M 10-70% MaCCfal SMMTTOpa MOKBT 

npesparMTbCfl b <})ymiepeHOQflep«aiMyK) ca)«cy c 
cqaep)KaHMeM nonasHoro npoflyiaa 6-20% m 
Bbtuia. 

BoTpesHO HanpaBneHHbie h 

nepeceKaioiHMecw hotokm ymepoftHbix 
icnacTepoB MOfyr 6brrb opraHMaoBaHbi b cpe/ie 
aproHa aa (Net nepeceKawinnxcfl MamnTHbix 
none«. MoHnanpoBaHHwe aroMu aproHa, 
yflap^flcb 0 noBepxHocTb saroioBiai, Bbi6MpaioT 
MeTaoraewnbHbie (cnaorepbi ymepofla. 

npM ;?ocTM)KeHMM TdMnepaTypbi aaroToaicM 
3500-4500<>C Ha ea noBapxHocrw o6pa3yoTc« 
cno« MsoTepMMMecKoro rpacfwra. flnn yAa/ioHMfl 
sToro cnofl c noBepxHocTM aaroTOBKM MO)Kay 
aaroTOBKofl (warcvO « KopnyooM KaMepu (aHQA) 
ntvpKMraeTCfl aneKipweocafl flyra. KpoMa Toro 
B cny^ae zanonmnm lOMepbi aprowoM, viohw 
aproHa. oCpaayeMbie b nnasMe ^nmpm^om^ 
flyrw, yfl^pflioT o nosepxHocTb saroTOBKM m 
flonoiiHMTanbHo paaorpeBaiOT ea, BbiGMsan 
(cnacTepbi ymeppqa. RpM McnonbsoBaHnn 
aarorosKM cneunanbHott (t>opMbi KaroAHoe nsTHO 
nepeMomaioT no awMTTMpyiomeU noBepxHocTn 
aaroTOBKM Bpau^eHneM aanoroBKM. B flpyroM 
cnynae KaroAHoa nflTHo BpaiHawt pasHOMepHo 
no Top^eBo» noBapxHocTM aaroroBKM 

UM/lMHApWWeCKOft <})0pMbl C n0M0l4bK) 

KojibueBoro MamaTpoHa. Ha Meore KaroAHoro 
HflTHa BosHMKaer TeMnoparypa 6000 ^'C m Bbiiue, 
Mcnapflfl TawM o6pa30M cnofl MaoTepMtmecKoro 
rpact)MTa b aoHe jWKanbHoro Harpeaa m 
oTKpwaan BoaMOJKHocTb flajibHaftiuero 
SMMTTMpOBaHMfl yrmpoflHbDc KnacTGpoB. 
PejKMMbJ (CKopocTb Bpa^aHMji KaTQflHoro nsTHa, 
CKcpocTb BepTMKamsHOTO nepeMeineHMn 
saroTOBKM. TeMneparypa a nfliHo /lOKaiibHoro 
Harpesa) Bwewpaior raxHM oCpaaoM, MT06bi 
reKcanoHbi rpa^wra ncwapranMCb 
HaMMeHbUiOMy McnapaHHio. 

Ha npaKTMKe CMHraa uomr ccyi^ecTBnflrbcsi 
B ycrpoRcTBa, ochobhoR MacTbfo KOToporo 
ABUfleTCfl BOflooxna)KflaeMafl BaKyyMMpoBaHHan 
MHM aanonHaHHafl aproHOM Kauapa M3 
Hap)KaBeK)in©» cranw. b n©HTpe KOTopofl 
pa3Mei4adTCfl HarpasaTenbHwW aneMeHT, 
Hanpmwep. nonbt^aBoW BOflooxnawwaeMbifl 
HHWKrop m MeflM. Ho och HarpesaTanbHoro 
oneiweHTa MKflyKTopa pacnonoKeH sMMmp, 
npeACTaBnflK)mM« coCoi* crepjKeHb 
cocTaBJTeHHbiR M3 iua«6 aaroTOBOK, fiweo 
saroroBKy itMriMKApMMecKoti <}>opMbi. 

DpM BKntoseHMM HarpeBarenbHoro o/ieweHTa, 
Hanpuwep. npw nQAicnjoMeHMM MHAyKTopa k 

MOtMHOMy BblCOKOMaCTOTHOMy MCTOMHMKy roKa 

npoMCXQAMT paaorpea oMUTTupyiou^eW 

nOBepXHOOTM SanOTOBKM, M©XaHVt3M 

nepaMameHMfl ocymeoranflar ABM}KeHkie 
aaroTOBOK c TaxoW CKopocTbio, MToObt BHeaiHMa 
MacTM ujafte aaroTOBOx homtm nojiHOCTbio 
ncnapwnMCb. a BHyrpeHHue h© ycnenn npw otom 
pacnnaBMTbCR.B nonocrflx, oepaaoaaHHWx 
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BwcrynatoiuMMM KpanMn iua«6, npowsxcvuiT 
MHT©HCMBHOe o6pa30BaHMe 4)ynTTap©H0B H 
ca)KM. OflHoapaMeHHo nyraw npMnooKaHUfl 
paaHocTM noreHUManoB msm^ saroTOBKOft m 
KopnyooM fcaMepbt ncwKwraera anexTpHMeoKaw 
flyra. napaMaiMdHHa KaTonHoro rwTHa itxsmi 
DbfTb AocTwrHyro Taiwce BpatueHMau aaroroBKM, 

B flpyroM sapMBHTe BbtnonHdHiin 
napeoaKaioiMMecfl noroKw ymepooHbDc 
KnacrepoB, SMurrnpyioiUMX c TopuaBofl 
noBepxHocTM aaroTOBKM. opraHnayiOTCfl aa cHer 
HajK»K©HMfl MarHMTHoro nojifl KonbMaBoro 
MamaTpoHa. KaryiuKa KOToporo paaMauieHa Han 
TopueBoa nosepxHocTbto aaroTosKM. BpauieHwe 
KaroAHoro nfjTHa. a KoropoM oepaayara aoHa 
noKajibHoro HarpaBa.ocymecrBnwfoT 
nocpaACTBOM nowaMM roxa Ha Karyuiicv 
KOJibi^esoro MarHerpoHa. 

nocne McnapeHM« 60-70% Ba^acTBa 
MCXQAHOf^ aarOTOBKM W0TO4HMK OHepronMTaHMfl 

oTKnK)Maero«, m KSMapa oxnaJKBaara m 
paaBaKyyMMpyarcfl. KoH©MHbiM npoAyxroM b 
3TOM cnyMae flanflercfl *yjinepaH0OAep»cauiafl 
ca>ca, KOTopafl yAanwarcR vo xaMepw 
MexaHMMacjotM cnooo6oM. 

npM HeoexoAMftw>CTM nonyMdHMfl hmctoH 
cMdCM <t)ywTepeHoa oTAenbHo or ca)KM b xaMepy 
ycraHasnMBator BapxNM» m \mfm^ cCophmS! 
cawM, npoAcraanflKHUiie C060PI omkoctm m3 
TapMocToftKoro Moranna, nanpHMep 
Bonbctpawia, a bhA9 KOJ^©^. B npoqacca cMHreaa 
c6opHMKM MarpeaawTCfl ao 1200-2000 «C 
BepxHM« 060PHMK aaxpfaiT caepxy, a wmstm 
cHMay MonM6AaHOBbiMM ct)nnbTpaMM c 

OTBepCTMflMM 10-100 MKM. 

npM cMHTaaa oKono 90% oam CKannMBaarcfl 
B HH}KHeM c6opHMKe, ocTanbHafl B BepxHeM npH 
yiaaaHHoPi TeMnepaiype npoMcoccwT 
cye/iMMat^Mfl <t)ynnepeHa h ero m^^izm 
CKBoab oa>Ky k Manee HarpoTUM nacrflM xaMapbi 
TaKMM oOpaaoM. npoMcxoAur HaKon/ieHna caxw 
B c6cpHMKax, TOfAa KBK <t)yiwepeHbi 
KOHAeHCMpyioTCfl Ha creHxax Kawepbi, oTxyAa 
OHM Moryr ©biTb yAanenbi MexaHMMacioiM 
CnOOOeOM. K0H9MHblM npQqyKTOM wcb 
flB^fleTCfi cMBCb (|)ynn©peHOB C eo. C70 m 
Bwciijux, a TawK© ca)Ka, npMrctAHaji atw 
AWibHeflujaro McnonbaoBaHMfl, a tom Mwcne atw 
cneA/iouiero i^Mtcna OMHreaa. 

RpM H©O0XCW1MOCTM MO>KeT ©bJTb 

npowaBeAeHo pa^AianaHiie (})ynnepeH0B na 
(|)paKi^MM no MonaKyjiflpHWM Bedau. flnw aroro b 
KaMapy na ceopHMKM ca>KM m ycraHaanMBatoTcn 
BapxHMe w HtOKHMd KonjieKTopbi c()yjinapeH0B 
np©AcraBnj»K)i4Md co6ofl xonbHa wa moah o* 
BepTHKa/ibHbiMM KaHanaMM. ICanneKropbi 
HarpeaawTCfl aa CMei TennonpoBOflHocrM or 

CeopHMKOB CaJKM, M ^AOnb MX KaHajlOB 

oepaayera rpaAManr or 480 ao 400*^. 

B npo4dcca CMHiaaa napbi (JyjinapeHOB Ma 
C60PHMKOB ca)KM npoxQAHT ^©pa3 xaHajibi 
KomieicropoB <t>ymtepeHOB m KOHAencMpyiorcfl b 
HMx B cooTBeTCTBMM 0 MX TewnapaTypaMM 
cySjiMMauMM, xoTopw© aaBMCflT or 
MoneKynflpHoro aeca. Ha Ohm^khmx xonnaKTopax 

KOHA©HCMpyeTCfl CMeCb BblCUJWX 

(♦)ymiapeH0B C^%, m Apyrwx, Ha Apynoc 
C 70. Ha ocranbHbDc Ceo. KoHeMHWMM 
npoAyKTaiMM 3A^cb wanpioTCfl ca)Ka, xoTopyio 
MO)KHo McnonbaoaaTb npn nocn©Aywu4©M 
oMHToae, M yicadaHHbie ^p^mjm c|)y/inapeHOB. 

<t>ynfiepeHbi. (ytuecTBOBaHMe KoropbDc 6bmo 
ycTaHOBTOHo B cep^Hd 80-x roiAOB. a 
3<}xt)aKTMBHaw TexHonomfl nonyMaHMs 
paapaCotaHa b 1990 r. MMeiOT toibujoe 
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npHKn^Hoe SHaMeHMe. 

HHtepeo K HoonoAOBaHH^M 4>ynnepeH08 
caflsaH, c oAHoft oropoHu. ujMpoiaiM 

pa3H006pa3MeM HOBBIX CpnaHKO-XMMHHeCKMX 

flBneHMrt, KOTopbie npoMcatooRT npM yqacTMn 
<t)ynnepeHOB, a c ApyroW cropoHbi 
MHoroo6pa3HbiMM nepcneKTMBauM npMKnaflHoro 
McndJib30BaHM« arroro hoboto Knacca aemecTB. 

PeayjibTaTbi wooneflpsaHMR. BbinonHeHHwx b 
nocneAHM© roAu, yKaauBaioT Ha SHaMMrenbHwe 
nepcmewMBw McnonbsosaHMsi 4>ynnepeH08 ia 
MarepnanoB Ha mx ocHoae a paanwMHbix 
oGnacTRx HayicM h TocHonorMM. Tax. 
McnonbaoBaHiie (t>ynjiepeHOB a KaMecrse 
npMcaAKM K CMaaoMHOMy wacny cymecTBeHHo^ 
1 0 paa cHHJKaeT KD3c|>c|)jmMeHT rpsHm 
MerajuiMMecKHX noBepxHocrert h 

COOTBOTOTBOHHO nOBbllUaeT M3K0CXXn*0ttKC»Tb 

fl^TaneW v\ arperaroB. <tyjinepeHbi Moryr 
McnonbsosaTbc^ raiOKs a KaMaoTB© ooioBbi Ann 
npoMSBQacTBa a(CKyMyn«TopHbD( CarapeW. 
oOnaAaiou^Kx 6onee ebiooKoii 3<J)<t)OKrMBHocrbio. 
MajiuM B8C0M. a TaiOKe SKonorKMecKofl vi 
caHMTapHotI ©aaonacHooTbio no cpaaHeHHio c 
ooapoMeHHbiMM aKKyMyn«TopaMM. 

PaspaeaTWBatoTCw raioKe flpyroe 

BOSMOKHOCTM KOMMepMeCKMX npMMdHeHHPI 

<f)ynnep8H0B, canaaHHbte. b MaoTHocrw, c 
paapaCoTKoi* Hosbtx KOMnoai^woHHbix 
MarepManoB, coa^AaHMeM Kpacwraned Ann 
KonnpoBanbHbix annaparos. 4>0TonpMeMHiiK08, 
oneMBHTOB naMflTM m onroaneKrpoHHbix 
ycrpoflcTB, aiiMasHbDc m anwaaonoADeHbix 
nneHOK. neKapcreeHHbix npenaparoa, 
csepxnpoBOAHU^MX MaTepwanoB m ap- OcoGorD 
BHMMaHne 3aGny)KM8aeT npoCneMa 
McnonbsoBaHMfl 4)yjviepeH0B b Mem\i,me vi 
4>apMaKononin, oooOeHHO KA9n C03iAaHMR 
lipoTMBopaKOBboc npenaparoB Ha ochobo 
BcwopacTBopuMbDC ooqAMHOHMa ct)ynnepeHOB. 

B HaQTO^meo apoM^i oiMpoKoe BH^ApaHMe 
TexHOJiomR, McnofibsyioiuMX 
4>ynnepeHcotAepicaiMMe MarepManw, 
aarpyAHeHo b cBnavt o oTwocMTenbHo bwcokoW 
cTOMMocTbK) OTHX MaxepHanoB. 

npBAnaraeMbiW <mocoG npoMSBOtflcrBa 
<l)yjtnepeHOB h© Mueer npMHUMnwanbHbix 
orpaHMMeHMW no npoMseotAHTenbHocTM m 
oeecneMMBaer eeaoTXQAHwW m 3ia>norMHecKM 
MMCTbi^i npoi^eco CMHresta ci>yjuiepeHQB. 

<t>opMyna wdoSpeTeHMfi: 

1. Cnoco6 npowaBPAOTBa cfcynnepeHOB. 
BKnicmawiuMrt o6pa30BaHM6 ymepoAHbrx 
KnacrepoB c niioocoW reKcanoHarbHofl 
crpyKTypoW nyren HarpeeaHHR TBepAofI 
ymepQAooflapjKamea aaroxoBKM h 
nocneAyioinviW cMHrea Ma hmx Mo/ieKyji 
(JjywiepeHOB, 0TJiMMaK)U4MWcfl reM. mto 
HarpeaaHMe aaroroBKM seAyr ao TeMnepaiypu 
3MMTTMpyiou4eM noBepxHocTM 4300 ± 100**C h 
cMHTea MOJieKy/i <|)ynnepeHOB npoM3BPAflr bo 
BcrpeMHo HanpaansHHbix n/Mnn 

nepeoBKaiou^Mxcf? noTcwcax yrnopoAHbOc 
KnacrepoB. npw btom OAHOBpoMeHHO c 
HarpeBaHi4eM aaroroBKM npoMSBQAflT noKanbHbift 
HarpeB noBepxHocTW aaroTOSKM nocpe(AprBOM 
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AynoBono anetcrpHMecKoro paapHAa. npwMeM 
HHTHO noKanbHoro Harpesa napeMeu^aiOT no 
noaepxHooTM aaroroBKM, a TeMnaparypy 
noKajibHoro Harpeaa h CKopocrb nepeMeuieHMA 
nflTHa fioKanbHoro HarpeBa Bbie^paiOT m3 
ycnoBMfl paapyiueHMfl anofl MsoTopMMMectcofo 
rpact)MTa. 

2. Cnoco6 no n.1, OT/iMMaK)mMKcfl tom, mo 
HarpeaaHwe aanoroBKM h cviHTea Moneicyn 
*ymiepeHOB npoMSBOflHT b BaKyywa. TaepAoft 
yrnepqflp(wep)KaiMe« aaroTosKa ^p^«aK)T 
ct)opMy, oeecnesMBaioiAyio oepasoBaHna 
Bcrpe^Ho HanpaaneHHbix mhm nepeceKaiou;Mxcfl 
noTOKDB yrneppAHbix icnacTepoB npw ee 
HarpeeaHViM, a nepeMoiUdHMe nflrna DOKanbHoro 
HarpeBa ooymecrBTiflKn- spau^eHMeM aaroroBKM. 

3. Cnoooe no n.1. orriMMaiotAMflcs raw, mto 
HarpeBaHM© aanoTOBKM h cmhtos MoneKy/i 
cpynnepeHOB npowascwT b opqab aproHa, 
BcrpeHHyw HanpasjieHHoorb m/wim napeceHaHMe 
noTOKOB ymepQAHbDc KnacrepoB o6ecnaMMBaioT 
MaTHMTHbiM HoneM, cepaayeMbTM anein-piwecKoa 
Ayrot* H KaryiuKoM KonbueBoro MarHerpoHa 
yoraHOsneHHOfl coocho c aaroTOBKoM, a 
nepeMeiHeHMe miTHa noKanbHoro Harpaaa 
ocymecTBnawT c noMomwo wonbueBoro 
MarHBTpoHa, npw aroM oOecnaMMBaioT 
AononHMTanbHbift Harpes awMTTMpyiomeW 
noBepxHocm nocpaAcraoM B03flefloTBM« na nae 
woHaMM apnoHa, o6pa3yioi4MMMC5i b nnasMe 
aneKtpMwoKOtt Ayrw. 

4, Cnocoe no ;tio6oMy m nn.1 3, 
oTiiMMaioiuMftcfl TOM, MTO HarpeaaHMe raepAofl 
yritepoACxwpJKaineCi aaroroBKM npoMSBOAflr 

peaHCTMBHblM. MJIM MHAyKMMOHHHM. MHM 

MarHerpoHHbiM, unw nHbiM MaroAOM. 

5, Cnoc5o6 no jiioOoMy ws nn.1 3, 
OTJiMMaiotHMWcfl raw, hto HarpeaaHne 
ocyin0cTB/i«K)T o McnonbaoBaHMeM nepeMeHHoro 
ajieKTpMMGCKoro TOKa o HdCTOToA 8 - 40 kTu. 

6- Cnooo6 no n.1, omMMaKMUMftoq reiw, mto 
OAHoapeMeHHo c cwHreaoM Moneicyr 
ct>yjmepeH0B npoM3BOAfrr OTAaneHwe mx ot 
ca)tai. 

7. Cnocx)6 no n. 6, OTJiHMaiotUMflcH tom, mto 
OTAaneHMe <})yjuiepaHOB ot cajicM npowsBoiwiT 
nyrew McnapeHWfl ct>yjuiepaHOB M3 cCophmkob 
ca>KM npH HarpeBaHMM wx ao 700 80O'*C, 

8. Cnocoe no n.6 wnw 7, OTJiwMawimiWGR tom, 
MTO nocne OTAenaHVw cfynnepeHoa nponaacwiT 
ceop ca>KM. CMauiHBatoT ca)icy c nopouucoM 
rpact)MTa, npeccyioT tia btoA cmbom Hoayw 
saroTOBKy m npocyujHBaiOT ea b Bajcyyue. 

9. Cnoco6 no n.8, oTfiUMawu^MMcn tom, mto 
npocyaiMBaHne aaroTosKM ocymecTBTiflioT 
ROcpeACTBOM 86 HarpoBa B BaKyyMHOft KaMspe 
AHfl cHKTeaa <4}ynnepeH0B. 

10. Cnoooe no n.1, OTnuMawiMMto TeM, mto 
oAHOBpeMeHHp c cMHTeaoM MOJieKyn 
<t)y/uiepeHOB npoM380A«T mx paaAeneHMa Ha 
cjspaiquM no MoneKynnpHowy secy. 

11. CnocoO no n.10, orjiMMaiou4MJ^cfl tom, mto 
pa^AenaHne 4?ynjiepeH0B Ha (})patcmiM 
npoMSBOART Ha KonjieKTopax, HarpeTboc p 
oepaaoBBHkieM TeMnepaTypHoro rpaweHra 400 
480*»C, 
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